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Protecting the Environment in the Space Age:

GIS at the John F. Kennedy

Space Center
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Brean W. Duncan, Resa A. Reddick, Rebecca B. Smith, and David R.

Breininger
The Bionetics Corporation

Figure 1. Kenhnedy Space Center is
located on the central east coast of
Florida.

Figure 2. Listed as a federally
threatened species by the U.S. Fish and
Wildlife Service, a banded Florida scrub
jay is shown in preferred habitat with
sand openings.

The Biomedical Operations and
Research Office (MD) of the National
Aeronautics and Space Administration
(NASA) is using geographic informa-
tion systems (GIS) technology in its
effort to monitor protected wildlife at
Kennedy Space Center (KSC). Data
bases containing environmental vari-
ables and demographic data have
been compiled for a number of threat-
ened and endangered species on
KSC, along with data bases showing
the effects of Space Shuttle launches
on KSC. NASA also uses GIS technol-
ogy to monitor such episodic environ-
mental impacts as Space Shuttle
launch exhaust deposition.
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* ncreased urbanization has reduced the
“ amount and quality of natural habitat
© 1 in Florida. As urbanization increascs,

s0 does Lhe impertance ol protected
fands in the state. Kennedy Space Center
(KSCY is the largest protected area on the
east coast of Florida and is home to 14 fed-
erally tisted and 15 state-listed wildlife
species identified as threatened or endan-
gered. The National Aeronautics and
Space Administration (NASA) has particu-
larly challenging management goals that
include using the land for space operations
and preserving the valuable habitat con-
tained within KSC. Geographic informa-
tion systems (GIS) technology is one of
the many tols being used to meet those
management geals by mapping and moni-
toring environmental variables and long-
term demographic data sets on selected
animal species.

KSC. the principal launch site for
NASA space systems, is centrally located
on the east coast ol Florida (Figure 1),
where the initial trajectories of space trans-
port systems are over the Atlantic Ocean.
NASA hegan acquiring land in carly 1962

on north Meyritt Island, Florida, as a
for launch operations in support o
Manned Lunar Landing Program,
now encompasses 57,000 hectare
140,000 acres — which is consid
extensive enough 1o provide surrour
commuaities protection from lal
operalions.

KSC is long and narrow, bordere
the Lndian River Lagooan on the
and Cape Canaveral Air Force St
(CCAFS) and the Atlantic Ocean o
east. Merritt [stand and Cape Canaver:
a barrier island complex of Pleistocen
Recent ages. The topography consists
series of ridges and swales derived
relict dunes deposited as the barrier is
were formed. Elevation ranges fron
level to as much as nine meters o
most recent dunes.

Because KSC was found to inc
prime habitat for unique and endan;
flora and fauna, NASA entered ini
agreement with the U.S. Fish and Wi
Service (USFWS) to establish a wil
preserve, known as the Merrint s
National Wildlife Reluge (MINWR),
in the boundaries of KSC. A similar a
ment was reached with the Departmc
the [nterior to form the Canaveral Nal
Seashore (CNS), managed by the Nal
Park Service (NPS}, within KSC's ¢
ern boundaries. The majority of KSC
is undeveloped, with only five pe
being used for NASA operations
industrial use. The remaining 95 perc
managed by USFWS and NPS.

KSC is located in a transition
between the warm temperate Carol
Zoogeographic Province to the noril
the subtropical Caribbean Zoogeogr
Province to the south. The result o
location is high biodiversily with sg
{rom each region being present. The
more than 1,500 taxa — or biolo
groupings — on KSC, including
species of fish, 3135 species of birc
species of amphibians and reptile

Brean W, Duncan is a physical geogre
and ecologist, Resa A. Reddick is a ¢«
piter/GIS specialist and both Rebece
Smith and David Breininger are wildl
biologists. All the authors are with th
netics Corporation, NASA Biomedica,
Operations and Research Office, Kew
Space Center, Floridu, USA.



icies of mammals, and almost 1,000
«cies of vascular plants (NASA, 1990;
SA, 1992).

The Biomedical Operations and
search Office (MD) of NASA has been
)porting environmental monitoring and
earch on KSC since the early 1970s.
)gram elements include monitoring of
ieline conditions to document natural
fakility in the ccosystem, assessments
pperations, assessments ol new Gicilities
nstruction, and ecological research
wsing on wildlife habitat associations.
¢ ecological program’s objective is to
selop information necessary to define
1 predict environmental problems and
pacts that may result from activities at
C. To support these requirements, the
dogical program uses a proactive, long-
m, multidisciplinary approach (Hinkle
il., 1988).

Remote sensing and GIS technologies
at the center of the environmental mon-
ring and research activities on KSC.
{C/INFO (Environmental Systems
search Institute [ESRI], Redlands, Cali-
nia, YSA) software is used for analyz-
. both episodic and continuous environ-
ntal impacts, as well as threatened and
Jangered species’ demographic—habitat
ationships. This process enhances our
dictive capability to minimize or miti-
e potential environmental impacts on
center.

'PLICATIONS
ta bases containing environmental vari-
les and demographic data have been
npiled for a number of threatened and
langered species on KSC. We have
:used our energy and resources on
:cies with habitats having the highest
sbability of being affecied by NASA
srations and those that are indicators for
ier species ol special concern. Data
ies showing the effects of Space Shuutle
nches on KSC have also been produced,
llowing arc examples of these data
ies,
Florida serub jay. Field biology, remote
ising, and GIS methods are combined to
p habitat features important for one of
mos! habitat-specitic birds in North
rerica. The Florida scrub jay (Apheloco-
coerulescens coerulescens), shown in
ure 2, is a threatened specics restricted
vak-dominated scrub, which accurs
sty on well-drained soils in the central

- Yearling Producticn = Breedor Mortality
[[] pemographic Sourco
l:] Demaographic Sink

Figure 3. Scrub jay source and sink
areas created from overlaying
1989-1991 yearling productian and
breeder mortality coverages for the
Tel-4 {ong-term study area

Florida peninsula. These birds live in terri-
tories delended year-round by a perma-
nently monogamous breeding pair and
young scrub jays called helpers
{ Woollenden and Fitzpatrick, 1984},

Urbanization ol well-druined ridges
throughout Florida has caused a major
decline in suitable scrub jay hubitat, The
result of this habitat destruction and degra-
dation is that KSC is now home 1o one of
the largest remaining Floridu scrub jay
populations (Breininger, 1989), Proper
management of this habitat is critical for
the scrub jay’s survival.

A data base containing both environ-
mental variables and long-term demo-
graphic data has been produced for two
study areas on KSC. Habitat maps have
been produced using very large-scale,
false-color aerial imagery and a detailed
Anderson Land-use/Landecover classifica-
tion system. Each scrub jay in the study
arcas hus been banded using a unique com-
bination of two-calor bands and an alu-
minum USFWS band. Territory boundaries
were mapped during April and May using
repeated visits (o determine the arca
delended by cacle fawily. Neary all twe
nest attempts within the study boundaries

Figure 4. The gopher tartoise is listed
as a species of special concern by the
Florida Game and Fresh Water Fish
Commission.

<t
al/Maintained

Figure 5. Each gopher tortoise home-
range pofygon was created by
overlaying all burrows used by
individual tortoises and connecting the
outermost burrows. Solid and dashed

arcs represent male and female tortoise
home ranges, respectively, and are
shown here overlaid on habitat
palygons.

during ciach nesting season were located
and mapped. These mups were digitized
into separate coveriges represeniing each
season, and demographic atiributes were
stored along with their corresponding spa-
tial locations and arcas.

Territories, nest locations, and demo-
griphic data were overlaid on the habitat
map and other environmental layers 1o
gain further insight into the scrub jay’s
habitat requirements. Some of the analyses
were as simple as caleulating arithmetic
means OF territory sizes and acreages of
habiv Lypes within weeritovies fo cachy
year. Some nalyses involved demwgraphic
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data entirely, such as differencing breeder
mortality and yearling production o pro-
duce coverages of source (areas where
yearling production exceeds breeder mor-
tality) and sink (areas where breeder mor-
tality exceeds yearling production) loca-
tions, as shown in Figure 3. Other, more
analytical techniques involved determining
correlations and associations between
habitat and demographic variables. These
studies allow the development and testing
of habitat models for environmental
assessments and mitigation of environmen-
tal impacts on KSC. GIS techniques
enhance the mapping and delineation of
the most important areas for maintaining a
viable Florida scrub jay population on
KSC, thereby enhancing land-use planning
activities (Breininger, et al, 1991).

The gopher tortoise (Gopherus polyphe-
mus) is a 3.5- to 4.5-kilogram animal,
shown in Figure 4, that can be found from
extreme southern South Carolina and east-
ern Louisiana through much of mainland
Florida. The tortoises occupy a variety of
habitats but require areas with an adequate
cover of herbaceous plants for food and
suitable soils in which to dig burrows {Cox
et al., 1987). Burrows provide protection
from fires, predators, and harsh climatic
conditions. In addition, at least 39 inverte-
brate and 42 vertebrate species have been
documented using gopher tortoise burrows.
A combination of habitat destruction, pre-
dation by humans and other animals, and
unique biological characteristics have
placed the gopher tortoise's continued
existence in jeopardy. It is listed as a
“species of special concern™ by the Florida
Game and Fresh Water Fish Commission
(Wood, 1986).

KSC is the largest ares of protected
habitat for the gopher tortoise on the
Atantic coast of Florida (Breininger et al,,
1988). A radio telemetry study was done at
two sites on K5C between 1987 and 1989
to answer questions about habitat and bur-
row use. Twenty-three tortoises were
trapped, outfitted with transmitters, and
tracked twice per week lor an average of
10 months. Burrow locations for the
tagged tortoises were digitized from color
infrared aerial photographs into the GIS.
Because a single tortoise uses several bur-
rows within an area, home-range polygons
were developed for each animal based on
the burrow focations. Individual home-
Tange sizes were determined, as well as
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Fish and Wildlife Service.

average home range sizes for males and
females.

The howe range polygons were overclaid
onlo vegetation coverages o examine the
types and amounts of habitals within them,
as shown in Figure 5. These data, when
considered with other information — for
exampie, the number of burrows used per
tortoise, as well as seasonal activity —
provide a visual representation of torloise
habitat use that cannot be achieved with
numbers alone. Resulls can be used 1o esti-
mate population sizes and determine criti-
cal habitat requirements, both of which are
important considerations for a species so
greatly influenced by land management
practices.

The West Indian manatee (Trichechus man-
atus), showh in Figure 6, somedimes calied
the Florida manatee, was federally listed as
an endangered species in 1972, Manatees
are busically estuarine in Florida, although
they are occasionally seen along the beach-
es. Manatees are migratory and can range
in excess of 820 kilometers (Reid, 1991).
They are found throughout Florida and
southeastern Georgia and occasionally
along coastal states larther north and west.

Manatees have always been lound in the
surrounding waters of KSC. with the high-
est peak during spring and a smaller surge
during fall. In 13 years of monitoring, a
five-fold increase of manatees using KSC
waters during spring has been documented.
The spring peak in recent years has includ-

Figure 6. The West Indian manatee is listed as an endangered species by the U.S.

v e PR e ey e ey
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Figure 7. Summer manatee sightings
for 1977 through 1991 overlaid on a
Landsat scene. Clustered sightings
indicate preferred habitat locations
during summer season,

ed more than 300 manatees within th
KSC houndarics of the Banana Rive
(Provancha and Provancha, 1988). Th
increased wse of KSC waters by manatee
appears 1o manifest a shiit away from pre
viously used areas and reflect the degrada
tion of habitat outside protected areas
Manatee mortalities have increased at ai
alarming rate in Florida. with humai
development and boating activities beiny
the main causes (Beck et al., 1982),



igure 8. A Space Shuttle blasts off from Kennedy Space Center, causing the
rmation and dispersion of an exhaust cloud.
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manatees. Surveys are
conducted with light
planes or helicopters using
a set ftight path. During
the early  surveys,
observers would call out
sightings and any behavior
associated with them and a
person would mark the
data on a map. These maps
were stored in a file draw-
er until 1989, when they
were  digitized  inte
ERDAS (Atlanta, Georgia,
USA) image processing
software and converted
into ARC/INFO using
GENERATE 1o produce 2
point coverage. Problems
will this procedure such as
positional accuracy, map
K accurucy and points being

Oeean

gure 9. Cumulative Space Shuttle near-field exhaust
position pattern for Pad 39A. Frequent deposition events
cur close to the pad and decrease with distance.

All open wuler on KSC decper than one
der is potential habitat for the manatee,
extensive seugrass beds bordering deep
sing are preferred. Fresh water sources
O attract munatees; some researchers
ieve fresh waiter to be a requirement.

Since 1977, aeriul surveys have been
wucted over KSC waters to monitor the

omitted during digitization
have forced more automat-
ed technigues 1o be used.
Since 1990, an Apollo 1
loran unit (11 Morrow, Inc., Salem, Oregon,
USA) combined with a Toshiba T1100
Plus (Toshiba Corp., Irvine, California,
USA) pertable computer have been used
during surveys. The computer operitor hits
a key on the computer and types in the
attributes of each sighuing. Alwer euch su-
vey, the data are converted through dBuse

IV {Ashton-Tate, Torrance, California) into
ASCH! format with latitude and longitude
conversions to State Plane coordinates per-
formed in ERDAS. The data are then load-
ed into ARC/INFO via the GENERATE
and ADD FROM commands. This tech-
nique is much easier and more time effi-
cient than its predecessor.

Our GIS has provided a means for stor-
age and analysis of a large, long-term, and
comprehensive manatee data base (Figure
7). The GIS data allow NASA and the
USFWS 1o track manatee time and space
interactions, which are important for per-
forming facilities assessments on KSC. By
using this valuable information, NASA can
manage KSC activities to minimize impact
on the manatee’s fragile habitat.

LAUNCH DEPOSITION
MONITORING

NASA also uses GIS technology to moni-
tor such episodic environmental impacts as
Space Shuttle launch exhaust deposition.
Space Shuttle launches produce localized
acidic deposition through the formation
and dispersion of an exhaust cloud, shown
in Figure 8. The cloud contains carbon
diexide, aluminum oxide, and hydrogen
chloride, along with additional minor com-
ponents. These cloud constituents, when
combined with water vapor and 300,000
galions of sound suppression and cooling
water dumped on the pad at the time of
launch. produce acidic deposition (Ander-
son and Keller, 1983). Typically this cloud
is directed northward by a flame trench
and then rises to a stabilization height and
is carried by prevailing winds.

Two divisions of deposition exisl: near-
field and foe-field. News-Cield deposition
oceurs on the immediate north side of the
fuunch pad and involves the highest con-
centration of acid. Far-fiekld deposition
accurs afier the cloud rises and moves with
prevailing winds. Arcas receiving far-ficld
deposition, which is primarily dry residue,
vary with meteorological conditions and
oceur farther away from the pad. Both
near- and lar-ficld deposition are mapped
by ticld survey after each launch event.

The near-ticld and far-field maps from
each Jaunch are dighized into the GIS (for
example, Duncun and Schmalzer, 1992).
Individual mups of the deposition are com-
bined 10 produce cumulative deposition
patietns Yor both Shintie tauneh Tacilities
(Figures 9 and 10y, "three different nups
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are continually updated, near-field maps
for launch pads 39A and 39B and a com-
bined far-field ntap for both pads,

Cumulative maps of deposition reveal
the frequency of deposition at any given
location on KSC from the 11 years of
Shuttle faunches, as well as which launch-
es are responsible for that deposition. The
data base can be updated after each launch,
producing a continuous source of spatial
information to determine and monitor the
[requency of cumulative deposition, which
has implications Tor both operational uses
and habitat management for the flora and
fauna of KSC.

CONCLUSION

NASA is committed to protecting the envi-
ronment of KSC while continuing to
launch space transport systems. Proper
maragement and monitoring of this pro-
tected land is increasingly important and
must be based on sound scientific data.
GIS methods have enhanced NASA’s abili-
ty to monitor and manage natural resources
ou KSC by providing an efficient means
of data storage and spatial-numerical anal-
ysis. The ongoing long-term studies cur-

FoT R R TR SR T 0 T A e e sy 0

rently underway on KSC produce large
quantities of spatial data and even larger
quantities of relational data.

GIS echnology is increasing the ability
of scientists on KSC to analyze their data
in a spatially explicit manner and gain
grealer insight into spatial, temporal, habi-
tat, and animal interactions necessary for
proper management. By doing so, we are
woving in o direction to produce spatial
predictive models that will aid in impact
asscssment and dand mitigation practices
necessary lTor cohabitation of wildlife with
ongoing space operations,
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